The catalytic activity of MoVTeNbO catalyst and its constituent phases (M1, M2 and Mo 5 O 14 -like) in the oxidation of propane, as well as propylene and acrolein, which are intermediates of acrylic acid formation from propane, was studied. In all the reactions, the М1 phase shows higher activity and selectivity, compared to M2 and Mo 5 O 14 -like phases; its presence being sufficient for efficient proceeding the propane oxidation to acrylic acid. The elemental microanalysis of the EDX composition was carried out using a Phoenix spectrometer, with a Si (Li) detector and an energy resolution of approximately 130 eV.
Introduction
To date, the problem of oil gas utilization and on-site processing of its components (methane, ethane, and propane) into highadded value products is urgent. An attractive option, both from the energy and environmental (oil gas flaring) points of view, could be the catalytic transformation of propane, an inexpensive and abundant raw material, into acrylic acid (AA), instead of the two step process from propylene. MoVTeNbO catalysts are reported [1, 2] to be the most efficient catalysts for the oxidation of propane to acrylic acid. Orthorhombic M1, pseudo-hexagonal M2 and tetragonal Mo 5 O 14 -like phases were shown to form within the MoVTeNbO system, depending on the synthesis conditions [3] [4] [5] . The intrinsic activity and the role of each of these phases in the propane selective transformation are still under debate. The objective of the research is the elucidation of the phases function in selective oxidation of propane.
Experimental Procedure

Catalyst preparation
The Mo 1 catalyst with 15% hydrogen peroxide [7] .
The M2 phase with atomic ratio Mo 1 V 0.3 Te 0.23 was prepared by spraying a ternary MoVTe solution followed by a heat treatment of a solid precursor at 500°C in flowing He [8] . As was Role of MoVTeNb oxide catalyst constituent phases in propane oxidation to acrylic acid. 3 .72Å in the diffraction pattern correspond to the sets of (120) and (211) When correlating to zero conversion, the selectivity for propylene is close to 80%; the selectivity sharply drops as the conversion increases, which is accompanied by a simultaneous growth of selectivity for acrylic acid. crystal phases, depending on the synthesis conditions: orthorhombic M1, pseudo-hexagonal M2 and one having the Mo 5 O 14 -like structure [11] [12] [13] . To elucidate the role of these phases in propane transformations, samples with a prevailing (200) and (021) 
Such reaction mechanism makes it necessary to create an active component for each step and combine these The catalytic properties of three-component M2 phase in the oxidation of propane, propylene and acrolein are listed in Table 3 .
In all the reactions, the activity of three-component M2 phase is much lower when compared to the activity of four-component M1 phase. Selectivity for acrylic acid in propane oxidation is not high; even at low conversions the main products of the reaction are carbon oxides. In propylene oxidation, selectivity for acrylic acid is also much lower when compared to that of M1
phase. Acetic acid appears in the reaction products, its amount being most substantial in the oxidation of propylene. In acrolein oxidation, the three-component M2 phase is more selective than in the first two reactions, but its selectivity is lower as compared to M1 phase. [8] shows the maximum activity and selectivity both in direct oxidation of propane and in individual steps of the consecutive reaction -oxidation of propylene and acrolein.
The presence of M2 and Mo 5 O 14 -like phase deteriorates both the activity and the selectivity (Table 5) . A loss in activity and selectivity toward acrylic acid correlates with the presence of M2 phase.
The ratio of conversion rate constants for propane and intermediate reactants -propylene and acrolein -on M1 and M2
indicates that acrolein oxidation is the fast step, and oxidative dehydrogenation of propane to propylene is the slowest step.
Analysis of the literature [20, 21] , and our experimental data makes it possible to distinguish active sites of the four- • The three-component M2 phase shows the lowest activity in the oxidation of propane, propylene and acrolein. The absence of niobium in the structure reduces the ability of this phase to activate the reactants. The main direction of propane oxidation is deep oxidation, which proceeds by three routes: directly from propane, via overoxidation of propylene, and overoxidation of acrylic acid.
• The four-component M1 phase is active by more than an order of magnitude over the M2 phase. Acrylic acid is the main reaction product over all routes: directly from propane and consecutively from propylene and acrolein.
Results of this research does not support a concept of M1
and M2 phases cooperation in providing a high yield of acrylic acid [16] [17] [18] [19] . The M1 phase of the optimal chemical composition The M1 phase is sufficient for efficient proceeding of the 6 and VO 6 octahedrons [7] .
